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ABSTRACT 


In  November  1974  Typhoon  Gloria  displayed  unusual 
intensity  fluctuations  while  traversing  the  Philippine 
Sea.  The  typhoon  exhibited  two  marked  intensifications 
separated  by  a period  of  weakening  lasting  12  hr.  A 
chronological  examination  of  this  unusual  behavior  uti- 
lizing aircraft  reconnaissance  and  satellite  data  is 
presented  with  particular  emphasis  on  the  evolution  of 
the  central  core  region.  A parallel  between  observed 
events,  and  results  demonstrated  in  a tropical  cyclone 
numerical  model  responding  to  artificial  enhancement  of 
the  convective  heating  functions  is  noted.  Similar 
occurrences  of  double  deepening  of  typhoons  in  the  west- 
ern Pacific  are  reviewed  to  determine  Gloria's  uniqueness. 
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Track  of  typhoon  Gloria  during  the  period 
2-9  November  1974 

Central  sea-level  pressures  in  typhoon  Gloria, 
reported  by  reconnaissance  aircraft  for  03-07 
November  1974. 

Typhoon  Gloria,  0241Z  05  November  1974  near  first 
peak  intensity  (DMSP  data) . 

An  expanded  view  of  Figure  4 (DMSP  data) . 

An  expanded  view  of  typhoon  Gloria,  2234  GMT 

05  November  1974  after  marked  filling  of  central 
pressure  (DMSP  data) . Surface  center  (A)  is 
located  west  of  hole  in  cirrus  canopy. 

An  expanded  view  of  typhoon  Gloria  at  1117  GMT 

06  November  1974.  (Nighttime  infrared  DMSP  data/ 
Darker  shades  of  gray  represent  coldest  tempera- 
tures) . 

Sequence  of  Aircraft  Radarscope  sketches  of  typhoon 
Gloria's  central  core  region,  5 November  1974. 

Segment  of  typhoon  tracks  displaying  double  inten- 
sification. Segment  is  period  between  termination 
of  1st  deepening  and  commencement  of  2nd  deepening 
(1956-1974).  Tracks  are  identified  by  first  letter 
of  name  and  year  of  typhoon. 
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INTRODUCTION 


Mature  hurricanes  or  typhoons  traversing  tropical  waters 
j and  unaffected  by  land  masses  infrequently  display  two  marked 

intensification  periods.  Even  more  infrequent  is  a ^intensi- 
fication within  a day  of  the  first  intensity  peak. 

During  4-7  November  1974  Typhoon  Gloria  exhibited  unusual 
intensity  fluctuations  while  traversing  the  Philippine  Sea. 

The  typhoon  underwent  two  rapid  deepenings  separated  by  a per- 
iod of  filling  lasting  approximately  12  hr.  The  unusual  char- 
acter of  this  event  opposed  to  typical  tropical  cyclone  be- 
havior is  worthy  of  note. 

In  this  paper  a chronological  examination  of  Gloria's 
history  is  presented.  In  particular,  major  changes  in  the 
central  core  region  after  the  first  intensification  documented 
by  aircraft  reconnaissance  are  examined.  A parallel  between 
observed  events,  and  those  demonstrated  in  particular  tropical 
cyclone  numerical  models  is  noted  while  similar  occurrences  of 
double  deepening  of  typhoons  are  reviewed  to  determine  Gloria's 
uniqueness . 


TRACK  REVIEW 


Typhoon  Gloria  developed  from  a monsoon  trough  circulation 
in  the  western  Caroline  Islands  and  was  first  detected  on  Novem- 
ber 2nd  (Fig.  1).  Intensifying  to  typhoon  force  north  of  Yap 
Island  two  days  later,  Gloria  accelerated  to  12.3  m/sec  on  the 
4th  and  deepened  at  a rate  of  about  2 mb/hr.  Early  on  the  5th, 
Gloria  terminated  its  initial  deepening  stage  at  937  mb  and 
slowed  to  7.7  m/sec  about  835  km  east  of  Luzon  (Fig.  2).  Sus- 
tained surface  winds  of  54.0  m/sec  at  this  time  were  estimated 
based  on  the  central  pressure  (Atkinson  and  Holliday,  1975).  A 
sudden  pressure  rise  followed  as  Gloria  continued  to  decelerate 
on  the  5th,  while  turning  on  a track  slightly  south  of  west. 

Late  that  day,  the  central  pressure  leveled  off  at  955  mb,  and 
the  typhoon's  forward  movement  slowed  to  3.6  m/sec  about  520  km 
east  of  Luzon.  Sustained  surface  winds  weakened  17%  to  44.8 
m/sec  as  estimated  from  the  central  pressure.  At  this  time,  a 
second  rapid  deepening  commenced  as  the  typhoon  doubled  its 
forward  speed  to  8.2  m/sec.  An  extrapolation  of  the  pressure 
fall  rate  determined  by  final  aircraft  fixes  12  hr  from  landfall 
indicated  Gloria  reached  a minimum  central  pressure  of  about 


916  mb  prior  to  hitting  Luzon.  Based  on  this  central  pressure, 
the  sustained  surface  winds  were  estimated  to  be  64.3  m/sec,  a 
44%  increase  during  the  typhoon's  second  deepening  period. 


FIGURE 


SATELLITE  COVERAGE  REVIEW 


A review  of  the  satellite  imagery  provided  by  the  Defense 
Meteorological  Satellite  Program  (DMSP)  illustrates  the  sequence 
of  intensity  changes  in  Gloria.  Figures  3 and  4 depict  the 
typhoon  located  890  km  east  of  Luzon  (05/0241  GMT)  in  the 
Philippine  Sea  at  its  first  peak  intensity.  A prominent  feature 
of  the  central  core  area  is  several  interlocking  spiral  rain- 
bands  surrounding  a small  central  dense  overcast  approximately 
S5  km  in  diameter.  Twenty  hr  later  (05/2234  GMT),  Figure  5 
shows  an'  early  morning  view  of  Gloria  located  500  km  east  of 
Luzon  prior  to  reintensification.  Significant  weakening  had 
occurred  during  the  night  and  the  concentric  spiral  rainbands 
in  the  central  core  viewed  earlier  were  replaced  by  an  amorphous 
cloud  canopy.  A prominent  65  km  diameter  hole  in  the  canopy  is 
located  east  of  the  center  (A)  which  lies  beneath  the  overcast. 
The  final  satellite  coverage  in  the  series  (Fig.  6)  is  a night- 
time infrared  view  of  the  typhoon  12  hr  later  (06/1117  GMT) 
when  Gloria  was  located  280  km  east  of  Luzon.  Rapid  intensifi- 
cation had  taken  place  with  the  cirrus  canopy  now  absent, 
exposing  a 37  km  diameter  eye. 


AIRCRAFT  RECONNAISSANCE  OBSERVATIONS 


Probably  the  most  striking  changes  in  Gloria's  lifetime 
occurred  after  the  initial  pressure  fall  terminated  on  the  5th 
as  evidenced  by  aircraft  reconnaissance  observations.  Figure 
7 shows  a series  of  sketches  of  the  radar  presentations  of  the 
central  core  region  during  this  period  from  two  WC-130  aircraft 
sorties  of  the  U.  S.  Air  Force  5 4 1 It  Weather  Reconnaissance 
Squadron  . Although  a 3 cm  wavelength  radar  is  available  on 
these  aircraft,  radarscope  photography  is  not,  thus  leaving 
sketches  as  the  only  means  of  documentation. 

On  arrival  at  the  central  core  region  about  0400  GMT  on 
the  5th,  the  aircraft's  radar  depicted  concentric  wall  clouds. 
An  extremely  small  eye  only  7.4  km  in  diameter  was  encircled 
by  a rainband  with  a diameter  of  56  km.  During  the  5 hr 
mission,  the  radar  presentation  of  the  inner  eye  grew  progres- 
sively poorer,  depicting  a very  faint  return  of  the  remaining 
northern  arc  during  the  last  penetration  of  the  storm  core  at 
0900  GMT5.  It  was  the  impression  of  the  flight  meteorologist 


T.  Guam , Mariana  I s . 

3.  A somewhat  similar  series  of  events  were  documented  by 
Hoose  and  Colon  (1970)  based  on  land  radar  in  hurricane 
Beulah . 
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CENTRAL  CORE  REGION  TYPHOON  GLORIA 
5 NOVEMBER  1974 


that  the  outer  band  had  become  the  active  wall  cloud  at  this 
time.  The  band  had  become  progressively  more  solid  on  radar 
and  the  radar  return  had  increased  in  intensity.  Another 
notable  feature  was  that  the  relatively  light  turbulence  and 
precipitation  experienced  upon  penetration  (700  mb  level)  of 
the  remaining  northern  arc  of  wall  cloud  was  described  as 
similar  to  that  associated  with  transit  of  normal  towering 
cumulus.  This  was  in  sharp  contrast  to  the  moderate  turbu- 
lence and  torrential  rain  experienced  5 hr  earlier  in  the 
inner  eye  wall  and  now  confined  only  to  the  outer  rainband 
or  "new"  eye  wall.  Observation  of  the  sea  state  by  the 
flight  meteorologist  also  indicated  that  the  maximum  wind 
band  had  relocated  outward  from  the  center.  On  first  penetra- 
tion it  was  located  beneath  the  inner  eye  wall  at  a radius  of 
5.6  km.  Five  hr  later  the  band  was  observed  under  the  inner 
edge  of  the  new  outer  eye  wall  at  a radius  of  28  km. 

By  the  time  the  next  reconnaissance  aircraft  arrived  at 
Gloria's  core  6 hr  later  (05/1530  GMT),  the  inner  eye  wall  had 
dissipated,  and  the  newly  formed  outer  eye  wall  had  a 37  km 
diameter  circular  configuration.  The  maximum  flight  level 
wind  band  in  the  northern  semicircle  coincided  with  the  outer 
edge  of  this  eye  wall  at  a radius  of  28  km.  Although  the 
eye  wall  expanded  2 hr  later  to  a 56  x 74  km  ellipse,  by  the 
end  of  the  5 hr  mission  the  eye  diameter  was  once  again  37  km. 

The  maximum  flight  level  wind  band  in  the  right  semicircle 
once  again  coincided  with  the  outer  edge  of  this  eye  at  a 
radius  of  28  km.  Throughout  the  mission,  and  during  the  sub- 
sequent reintensification  period,  the  radius  of  maximum  winds 
remained  at  28  km. 

The  central  pressure  rise  on  November  5th  was  quite  marked. 
FTom  the  initial  fix  on  the  first  sortie  (05/0350  GMT)  to  the 
first  fix  on  the  subsequent  sortie  11  1/2  hr  later  (05/1530  GMT) , 
the  pressure  rose  from  937  mb  to  955  mb.  This  18  mb  change 
represents  an  average  pressure  rise  of  almost  1.5  mb/hr  over  the 
period.  The  maximum  flight  level  wind  (700  mb)  decreased  from 
61.7  m/sec  on  the  first  mission  to  43.7  m/sec  during  the 
subsequent  mission4. 


DISCUSSION 


This  sequence  of  events,  involving  a rare  weakening  of  a 
typhoon  over  warm  tropical  waters  027oC)  followed  by  a rein- 
tensification, is  difficult  to  account  for.  A thorough  dis- 
cussion of  the  synoptic  environment  is  beyond  the  scope  of 


4"I  Maximum  winds  obtained  by  aircraft  are  often  biased  by 
sampling  procedures  in  which  the  peak  values  occurring 
in  the  storm  may  not  be  measured. 
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this  note,  however,  a cursory  inspection  reveals  the  lack  of 
a synoptic  scale  upper  tropospheric  mechanism  to  constrict 
Gloria's  outflow  and  cause  such  an  abrupt  weakening.  It  is 
possible  that  the  fluctuation  may  have  been  on  the  mesoscale 
and  due  to  an  imbalance  between  the  surface  pressure  gradient 
forces,  and  the  boundary  circulation  of  the  typhoon.  Simpson 
(1971)  states  that  when  intensifying  hurricanes  develop  rapid- 
ly, "the  increase  in  maximum  winds  near  the  center  has  a ten- 
dency to  outrun  the  accelerations  at  greater  radial  distances 
so  that  dynamic  instability  develops,  angular  momentum  is 
transported  outward  and  maximum  winds  diminish."  Perhaps, 
once  this  .temporary  imbalance  was  readjusted,  favorable  upper 
tropospheric  conditions  (anticyclonic)  were  able  to  restore 
the  deepening  of  Gloria's  central  pressure,  and  promote  re- 
intensification of  the  typhoon  prior  to  landfall. 

It  is  of  some  interest  to  note  that  the  sequence  of  in- 
tensity fluctuation  observed  in  typhoon  Gloria  resemble  the 
results  demonstrated  in  tropical  cyclone  numerical  models  in 
response  to  artificial  enhancement  of  the  convective  heating 
functions  (Rosenthal,  1971).  When  extreme  continuous  heating 
is  applied  at  large  radii  outside  the  band  of  maximum  winds, 
the  intensity  of  these  winds  decreases  by  approximately  15%. 

Upon  termination  of  the  heating  enhancement,  a rapid  recovery 
is  noted  in  the  model  storm  to  near  its  original  intensity 
within  6 to  18  hr.  In  the  case  of  Gloria,  the  rainband  encir- 
cling the  original  eye  may  have  been  able  to  furnish  this 
additional  heating  as  it  grew  into  the  new  eye  wall  and  be- 
came the  new  channel  to  the  outflow  layer. 

Due  to  ascent  of  moisture  laden  air  at  larger  radii,  the 
inflow  at  the  boundary  layer  was  lifted  before  penetrating  to 
the  inner  eye.  With  the  loss  of  its  moisture  supply,  the  inner 
eye  began  to  dissipate,  and  horizontal  temperature  gradients  in 
the  central  core  weakened.  As  a result  of  this  weakening,  the 
maximum  wind  zone  propagated  outward  to  the  new  eye  wall  and 
diminished  in  intensity  by  the  partial  conservation  of  angular 
momentum.  With  the  heating  balance  recovered,  the  typhoon  was 
in  a condition  to  once  again  intensify.  [This  closely  parallels 
the  Project  Stormfury  hypothesis  (Sheets,  1975)].  In  the  case 
of  Gloria,  its  original  state  was  recovered  in  13  hr  and  deep- 
ening continued  markedly  beyond  this  point. 


SIMILAR  CASES 


In  order  to  determine  the  frequency  of  typhoon  intensity 
variations  such  as  Gloria's,  an  examination  of  other  cases 
based  on  central  pressure  data  was  undertaken.  Developed  ty- 
phoons with  minimum  sea  level  pressures  below  970  mb  were 
screened  for  a filling  period  limited  to  a 24hT  interval,  and 
a minimum  f illing-redeepening  cycle  of  approximately  12  mb  to 
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indicate  a significant  deviation.  Available  records  since  1 956^ 
indicate  17  such  cases  (see  Appendix).  This  represents  4.5%  of 
the  total  storms  reaching  typhoon  force  in  the  western  North 
Pacific  (east  of  120°E)  inclusive  of  1975. 

Figure  8 shows  the  geographical  distribution  of  these  17 
cases.  (The  line  segments  are  between  points  when  the  1st  deep- 
ening terminated  and  the  2nd  commenced.)  The  most  poleward  cases 
(Olive,  1971  and  Alice,  1966)  occurred  in  August,  a month  when 
the  warm  waters  (?27°C)  of  the  Philippine  Sea  extend  to  30N. 

Those  tracks  occurring  equatorward  of  15N,  with  the  exception  of 
Wendy  (July),  appeared  in  spring  months  (Apr/May),  and  are  the 
only  cases  of  the  entire  sample  occurring  outside  the  period 
July  - November.  These  typhoon  intensity  variations  are  notably 
absent  in  the  South  China  Sea  and  east  of  150E.  The  primary 
factor  precluding  occurrence  in  the  South  China  Sea,  of  course, 
is  the  minimal  overwater  track  period  available  to  a typhoon 
before  being  influenced  by  a landmass.  Compared  with  the 
Philippine  Sea,  the  probability  of  typhoons  traversing  waters 
east  of  150E  is  significantly  lower  (< 1 . 0 typhoon/year)  as  in- 
dicated by  climatology  (Crutcher  and  Quayle  1974)  and  is  a con- 
sequence of  upper  tropospheric  circulation  factors  (Ramage,  1959). 

Of  the  typhoons  identified,  seven  (including  Gloria)  exhib- 
ited intensity  fluctuations  whereupon  the  maximum  wind  weakened 
then  increased  by  15%  or  greater.  This  signifies  less  than  2% 
of  the  total  typhoon  count  since  1956  (east  of  120E)  and  empha- 
sizes the  uniqueness  of  such  occurrences. 

The  most  extreme  of  these  were  Emma  (Sep,  1956),  Alice 
(Aug,  1966)  and  Billie  (July,  1973)  each  of  which  displayed  max- 
imum wind  variations  of  30%  or  greater  during  the  filling  and 
reintensification  stages.  Alice,  however,  did  not  approach  the 
deeper  central  pressures  (>935  mb)  exhibited  by  either  Emma  or 
Billie.  It  is  unfortunate  that  absence  of  adequate  aircraft 
radar  documentation  of  these  typhoons  precludes  any  comparison 
with  the  Gloria  eye  evolution. 


SUMMARY 


In  this  paper,  the  unusual  double  intensification  of  typhoon 
Gloria  in  November  1974  was  examined.  Among  some  of  the  anomalies 


5.  Data  earlier  than  1956  were  not  considered  since  700  mb 
minimum  height  measurements  in  the  eye  were  not  readily 
available  to  check  the  consistency  of  the  dropsonde  de- 
rived sea  level  pressure. 


13 


noted  were  the  rapid  filling  of  central  pressure  in  a 12  hr 
period  as  the  typhoon's  forward  motion  temporarily  slowed  and 
turned  westerly,  and  a significant  decrease  in  maximum  sus- 
tained surface  and  700  mb  winds.  This  initial  decrease  in 
intensity  was  followed  by  a marked  reintensification  period 
as  the  typhoon  increased  in  forward  speed.  An  estimated  cen- 
tral pressure  drop  to  916  mb  occurred  in  a period  of  a day  while 
maximum  sustained  surface  winds  were  estimated  to  have  increased 
by  44%  during  the  reintensification. 

The  intensity  variations  of  Gloria  were  believed  to  be  a 
result  of  £ temporary  imbalance  of  forces  on  the  mesoscale  be- 
tween the  surface  pressure  gradient  and  the  boundary  circulation 
of  the  typhoon.  The  sequence  of  intensity  fluctuations  also  take 
a noticeable  similarity  to  particular  tropical  cyclone  numerical 
models  responding  to  artificial  enhancement  of  the  convective 
heating. 

Similar  occurrences  of  double  deepening  of  typhoons  are 
relatively  infrequent  and  account  for  less  than  5%  of  the  typhoon 
incidences  since  1956.  However,  at  least  4 storms  were  identified 
which  exceeded  the  magnitude  of  Gloria's  fluctuations  with  30% 
variation  of  the  maximum  winds  between  the  filling  and  subsequent 
redeepening  cycle. 
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TYPHOONS  DISPLAYING  DOUBLE  INTENSIFICATION  UNAFFECTED  BY  LAND  MASSES 
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